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In a Z12−I orbifold compactification through an intermediate flipped SU(5), the string MSSM
(SMSSM) spectra (three families, one pair of Higgs doublets, and neutral singlets) are obtained
with the Yukawa coupling structure. The GUT sin2 θ0W =
3
8
, even with exotics in the twisted sector,
can be run to the observed electroweak scale value by mass parameters of vectorlike exotics near
the GUT scale. We also obtain R-parity and doublet-triplet splitting.
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Superstring theory is with us for more than 20 years.
Yet there has not appeared any unique low energy string
prediction. Some relevant phenomenological and cosmo-
logical issues are b−τ unification [1], unification of gauge
couplings at MGUT [2], the GUT value of sin
2 θW [3],
and existence of fractionally charged particles (FCP) [4].
Even though these seem to be most esthetic, any of these
is not an inevitable prediction of string theory. But, if
string theory is valid as a particle physics model, one firm
prediction is that it must lead to the standard model
(SM) or the minimal supersymmetric standard model
(MSSM), with some inclusion of SM singlets.
Obtaining MSSM through simple group GUTs, such
as SU(5), SO(10) and E6, is attractive since it can ex-
plain the first three issues without any FCPs. This sim-
ple group GUT scheme needs adjoint representations for
the GUT scale spontaneous symmetry breaking. How-
ever, obtaining adjoint representations from superstring
theory is very difficult if not impossible [5, 6, 7]. So, it
has been a recent trend [8] in string compactification to
consider non-simple group GUTs such as flipped SU(5)
[9], trinification, and Pati-Salam model. Among these,
let us focus on flipped SU(5).
As pointed out recently [10], flipped SU(5) has many
nice features, among which the possibility of GUT sym-
metry breaking by a rank-lowering (rank 5→ rank 4)
scalar field is most relevant in string phenomenology.
Representation 10 achieves this symmetry breaking pat-
tern. This view was taken in the fermionic construction
by Antoniadis, Ellis, Hagelin, and Nanopoulos (NAHE)
[11]. With the NAHE set of conditions in the fermionic
scheme, there appear Qem=±
1
2 particles transforming as
4 or 4 under a hidden SU(4)′, but it has been known that
the resulting cryptons (group-singlet composite states
under the confining gauge group) are integer-charged [4].
On the cosmological side, cryptons with mass in the range
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1011−1013 GeV have been suggested to present an impor-
tant signal via their decay products now in the universe
[12]. Therefore, it is an important phenomenological is-
sue whether string derived flipped SU(5) models always
predict integer-charged cyptons. Our orbifold construc-
tion of flipped SU(5) show that cryptons are integer-
charged if cryptons are indeed formed. In one construc-
tion, we obtain SU(4)′ [13], but with the hidden sector
gauge group and the spectrum different from those of [4].
In this letter, we consider another construction where
the nonabelian part of hidden sector is SU(2)′×SO(10)′.
This is the first example realizing a flipped SU(5) with-
out SU(4)′. Most probably, the compactification allows
color exotics (C-exotics), the colored particles not hav-
ing Qem=
2
3 (
−2
3 ) or
−1
3 (
1
3 ) for color (anti-)triplets, and
similarly defined electromagnetic exotics (E-exotics) and
flipped SU(5) GUT exotics (G-exotics). In the model,
there appear G-exotics (including Qem=±
1
6 C-exotics in
them) and Qem=±
1
2 E-exotics. If lucky, discovery of
Qem=±
1
2 exotics at low energy can be a signal to string
origin of elementary particles.
For 10 and 5 representations of SU(5) GUT and neu-
tral singlet νc, one exchanges uc ↔ dc and ec ↔ νc to
obtain flipped SU(5). Thus, the matter representation of
flipped SU(5) is represented under SU(5)×U(1)X as
16flip ≡ 101 + 5−3 + 15 = (d
c, q, νc) + (uc, l) + ec,
5−2 = (D,hd), 52 = (D,hu)
(1)
where q and l are lepton and quark doublets, D is
Qem=−
1
3 , and hd,u are Higgs doublets giving mass to
d, u quarks. Note that 101, which does not have a
weight at the center of the weight diagram, contains
the neutral component νc; thus a VEV of 101 low-
ers the rank and breaks flipped SU(5) down to the SM
group. The electroweak hypercharge of (1) is given by
Y = 15 (X + Y5), where Y5 = diag.(
1
3
1
3
1
3
−1
2
−1
2 ), and
X = diag.(x x x x x). Spontaneous symmetry break-
ing of flipped SU(5) proceeds in two steps via VEVs of
(101 + 10−1) at the GUT scale and (5−2 + 52) at the
the electroweak scale. In addition to three 16flips, thus
2flipped SU(5) spectra must include 101,10−1,5−2, and
52. These Higgs multiplets needed for spontaneous sym-
metry breaking must be vector-like.
The appearance of fractionally charged particles is a
generic phenomenon in string models, because electro-
magnetic charge Qem is not necessarily embedded in an
SU(5)-like form. In addition, in most standard-like mod-
els, the unification value sin2 θ0W turns out to be ≤
3
8 .
String MSSM (SMSSM) is defined to be string
compactification with spectra compatible with obtaining
MSSM. It is not a ‘string inspired’ MSSM but ‘string de-
rived’ MSSM. The particle contents of SMSSM are three
families of quarks and leptons, one pair of Higgs doublets
without colored scalars, and GUT scale Higgs bosons re-
sponsible for breaking a GUT group down to the SM.
Models with no possibility of fitting sin2 θW ≃ 0.23 at the
electroweak scale are excluded from SMSSM. But string
derived standard-like models with sin2 θW ≃ 0.23 at
the electroweak scale are included in SMSSM. SMSSMs
should possess desirable Yukawa couplings, not obviously
excluded by phenomenology. Earlier standard-like mod-
els [14] are not SMSSMs.
The orbifold compactification [15] got much interest
due to its geometric nature and its simplicity in model
building. To construct flipped SU(5) in the orbifold
scheme, we adopt Z12−I twist. If one does not want
to introduce any nonabelian group except SU(5) from
the E8 part by one shift V , Z12−I and Z12−II are the
only possible twists, which can be easily checked from
the Dynkin diagram technique [16], as discussed in the
expanded version of this letter [13]. The Z12−I shift in
the six real (or three complex) internal space is taken as
[7],
φs = (
5
12 ,
4
12 ,
1
12 ) with φ
2
s =
1
12 ·
7
2 . (2)
This Z12−I shift is of order 12 for the first and third tori
and is order 3 for the second torus. Internal gauge fields
can wind torus, which are called Wilson lines (WLs).
For the shift and Wilson lines (WLs), we take the fol-
lowing,
V =
(
1
4
1
4
1
4
1
4
1
4
5
12
6
12 0
) (
2
12
2
12 0 0
5
)
a3 = a4 =
(
05 0 −13
1
3
) (
0 0 23 0
5
) (3)
which satisfy all the conditions and give V 2 − φ2s =
1
2 [7,
15]. In twisted sectors wound by WLs, we must consider
V+ ≡ V + a3 and V− ≡ V − a3. For twisted sectors not
wound by WLs, we use V0 ≡ V . In twisted sectors wound
by WLs, V 2+ − φ
2
s =
5
6 and V
2
− − φ
2
s =
3
2 are used in the
multiplicity (P) calculation.
In the low energy world, massless modes are important.
Massless modes appear in the untwisted sector U (like
bulk modes in extra dimensional field theory) and in the
twisted sectors Tf (like localized modes at fixed points
f in extra dimensional field theory). We are interested
in obtaining massless fields of the E8 × E
′
8 gauge sector
of heterotic string. The masslessness conditions for left
and right movers must be satisfied simultaneously,M2L =
M2R = 0.
Our discussion will proceed in two steps: firstly find
all massless modes possessing N = 1 supersymmetry and
second derive Yukawa couplings. Supersymmetry in het-
erotic string is the symmetry of the NS and R sectors of
right movers. The R sector is represented as four com-
ponent half integers s ≡ (s0, s˜). The allowed values of
s determine the chirality (by s0 component) and Ui (by
s˜) of the untwisted sector fields. The supersymmetry
condition for twist (2) is (See Eq. (3.58) of Ref. [7]),
r˜ = (− 12 ,
1
2 ,
1
2 ) so that φs · r˜ = 0.
Untwisted sector U : The masslessness condition in U
is given by P 2 = 2. Then, always one can find a mass-
less condition for right movers. We define Ui ≡ s˜ + r˜
for untwisted sector field nontrivial at the ith torus as
U1 = (−1, 0, 0), U2 = (0, 1, 0), U3 = (0, 0, 1), which
depends on what s˜ is. The above Ui correspond to the
untwisted s˜ = (−−−), (+ +−), (+ −+), respectively.
a. Gauge group : The gauge multiplet is found with
left movers by winding momenta Pun of length P
2
un = 2,
satisfying Pun · V = 0 and Pun · a3 = 0. So, we find the
unbroken gauge group as
[SU(5)×U(1)X×U(1)
3]×[SU(2)×SO(10)×U(1)2]′. (4)
When flipped SU(5) is broken, three U(1)s spanning
over the SU(5) entry region, satisfying Pun · Qi = 0,
are considered: Q1 = (1 1 1 0 0 0 0 0)()
′, Q2 =
(0 0 0 1 1 0 0 0)()′, QX = (−2 − 2 − 2 − 2 − 2 0 0 0)()′.
In flipped SU(5) with the above QX charge, we ob-
tain sin2 θW =
3
8 , from Eq. (10.28) of [7], sin
2 θW =
1/(1 +
∑
i c
2
i ), where ci are properly defined normaliza-
tion of U(1)s.
b. Matter in U : For Pun · V = k/12 where P 2un = 2
and k = 1, · · · , 11, also there can appear massless states.
They are interpreted as matter. The CPT conjugate of
k-bin spectrum appears in (12 − k)-bin. Thus, in k = 6
the CPT conjugates appear again in k = 6.
Twisted sectors Tk: The k
th twisted sector is distin-
guished by kV, k(V + a3), and k(V − a3), which are de-
noted as V˜0,+,−. For right movers, the twist in the k
th
twisted sector is φ˜ ≡ kφs. The masslessness conditions
for left and right movers are
(P + V˜ )2 = 2(1− ck)
L−2N˜L, (s+ φ˜)
2 = 2(1− ck)
R (5)
where N˜L is the left oscillator number in the k
th twisted
sector, and 2(1− ck)L =
210
144 (k = 1),
216
144 (k = 2),
234
144 (k =
3), 192144 (k = 4),
210
144 (k = 5),
216
144 (k = 6) for the left movers,
and 2(1 − ck)R =
11
24 (k = 1),
1
2 (k = 2),
5
8 (k = 3),
1
3 (k =
4), 1124 (k = 5),
1
2 (k = 6) for the right movers. It is suffi-
cient to consider k = 1, 2, · · · , 6 twisted sectors only.
The multiplicity P satisfying the orbifold condition in
themth twisted sector is given by one loop partition func-
3tion of string [7, 15],
Pm =
1
N
N−1∑
k=0
χ(θm, θk) e2piikΘ0 , (6)
where N = 12 for Z12 orbifolds, and
Θ0 =
∑
j
(NLj −N
R
j )φˆj −
m
2
(V 20 − φ
2
s)
+ (P +mV0) · V0 − (s˜+mφs) · φs + integer
(7)
where j denotes the coordinates of the 6 dimensional
compactified space running over {1, 2, 3, 1¯, 2¯, 3¯} in com-
plexified coordinates, and φˆj = φsjsgn(φ˜j) where
sgn(φ˜j) = −sgn(φ˜j). Here φ˜i ≡ kφi mod. Z such that
0 < φ˜i ≤ 0, φ˜i¯ ≡ −kφi mod. Z such that 0 < φ˜i¯ ≤ 0,
and φsj¯ ≡ φsj . (If kφi is an integer, φ˜j = 1 [18, 19]).
The χ(θm, θk) in Eq. (6) denotes the degenerate factor
tabulated in Appendix D of [7]. For the sectors wound
by WLs, V± are used instead of V0. The untwisted sector
k = 0 and twisted sectors for k = 3, 6, 9 are not affected
by WLs since the WL condition, 3a3 = 0, makes it triv-
ial. So, for k = 3, 6, 9, there is the additional condition,
(P + kV ) · a3 = 0. For k 6= 3, 6, 9, the multiplicity for
each twisted sector k(V +mka3) is P =
1
3Pk.
Now it is straightforward to calculate the massless
modes in each sector. For flipped SU(5) fields, the re-
sult is summarized in Table I. In U only, we included the
group singlet 10. There does not appear any massless
matter field transforming nontrivially under SO(10)′. In
T1 and T5, there appear G-exotics. We have not listed
20 SU(2)′ doublets, 14 E-exotics with Qem=±
1
2 and 79
Qem=0 singlets. Five extra U(1)s are also shown, which
can be broken at high energy scales.
Yukawa couplings: Rules for Yukawa couplings are
summarized in [7, 20]. For the coupling Uk1U
l
2U
m
3 T
p
where T p ∼ T n1k1 T
n2
k2
· · · with p = n1k1 + n2k2 + · · · ,
the Lorentz invariance rule for the Z12−I shift is (−k +
5
12p1, l +
4
12p2,m +
1
12p3) = (−1, 1, 1)mod.(n1, n2, n3)
where n1, n2, and n3 for Z12−I is (12, 3, 12), and p1, p2
and p3 are calculated using the H-momenta. The invari-
ance under a generalized Lorentz shift kφs in Tk gives the
H-momentum conservation. The H-momenta for Z12−I
twist are
T1 : (
−7
12
4
12
1
12 ), T2 : (
−1
6
4
6
1
6 ), T3 : (
1
4 0
−3
4 )
T4 : (
−1
3
1
3
1
3 ), T5 : (
1
12
−4
12
−7
12 ), T6 : (
−1
2 0
1
2 ).
(8)
Consider T6, for example. If we consider T
2
6 , we have
(−1, 0, 1), thus we supply (0, 1, 0) by U2, and hence T 26U2
is allowed. For the untwisted sector fields only, there is no
U and UU coupling. But cubic couplings can be present
in the form U1U2U3. There is no quadratic coupling. All
the allowed cubic terms are, using T7 instead of T5,
U1U2U3, T6T6U2, T4T4T4, T2T4T6, T1T4T7. (9)
Sct. P · V ; s˜→ Ui (SU(5))
χ
(U(1)X;U(1)
3;U(1)′2)
P
1
12
; (+−+)→ U3 10
L
−1;05 , 5
L
3;05 , 1
L
−5;05 1
U 4
12
; (+ +−)→ U2 5
L
2;05 1
5
12
; (+ + +)→ U1 10
R
1;05 , 5
R
−3;05 , 1
R
5;05 1
4
12
; (+ +−)→ U2 1
L
0;05 1
Sct. s˜→ χ (SU(5))χ
(U(1)X;U(1)
3;U(1)′2)
P
10
L
−1; 1
2
,0,0;0,0 4
T6 (−±−)→ R,L 10
L
1;−1
2
,0,0;0,0
3
5
L
3; 1
2
,0,0;0,0
, 5
L
−3;−1
2
,0,0;0,0 2
1
L
5;−1
2
,0,0;0,0
,1L
−5; 1
2
,0,0;0,0
2
T 01 5
L
−1
2
;−7
12
, 6
12
,0; 1
6
, 1
6
, 5
L
−1
2
; 5
12
,
−6
12
,0; 1
6
, 1
6
1
T 01 (−−−)→ L 5
L
1
2
;−1
12
,0, 6
12
; 1
6
, 1
6
1
T−1 5
L
1
2
;−1
12
, 4
12
, 2
12
; 1
6
, 1
6
1
T 02 (−−−)→ L 5
L
3;−1
6
,0,0;0,0
, 1L
−5;−1
6
,0,0;0,0
1
T 04 (−−−)→ L 5
L
−2;−1
3
,0,0;0,0
3
5
L
2;−1
3
,0,0;0,0 2
T 05 5
R
1
2
; 7
12
,0, 6
12
;−1
6
,
−1
6
, 5R1
2
;−5
12
,0,−6
12
;−1
6
,
−1
6
1
T 05 (−+−)→ R 5
R
− 1
2
; 1
12
, 6
12
,0;−1
6
,
−1
6
1
T−5 5
R
−1
2
; 1
12
, 2
12
, 4
12
;−1
6
,
−1
6
1
TABLE I: A Z12−I orbifold spectra of the flipped SU(5) sec-
tor. These are SU(2)′ × SO(10)′ singlets. In T6, the CPT
conjugates appear again in T6.
We tabulated some H-quantum numbers for singlet com-
binations which enable us to search for higher order terms
[13]. Thus, we obtain the following.
(i) MSSM spectrum: G-exotics 5 1
2
and 5− 1
2
appear in
T1 and T5. They form vector-like representations and can
be removed by T1T4T7 couplings with VEVs of singlets
in T4. In T4, there are 42 Qem=0 singlets, which make
the removal possible. E-exotics with Qem=±
1
2 appear
in T1 and T5, which can be removed again by T1T4T7
couplings.
There exist {101,10−1} whose VEV (〈νc〉) breaks the
flipped SU(5) down to the SM. Also, there exist the
needed electroweak Higgs fields hd,u ∈ {5−2,52}.
In T6 and T4, there appear vectorlike representations
(101 + 10−1)s, (15 + 1−5)s, and (5−2 + 52)s. The vec-
torlike representations in T6 are removed by T6T6 times
singlet couplings [13]. The vectorlike representation in
T4, 2(5−2 + 52)
L, can be removed by T4T4T4 couplings
where 10 in T4 gets a VEV. Thus, 2(15+1−5)
R, 2(5−3+
53)
R, 3(101+ 10−1)
R, and 2(5−2+ 52)
L are removed at
the GUT scale. In all these, several singlets with QX = 0
are expected to develop GUT scale VEVs. Then, we ob-
tain 16Rflip(U1)+16
R
flip(U3)+5
R
−2(U2) from untwisted sec-
tors, and 10R
1
(T6),1
R
5
(T2),5
R
−3(T2),5
R
2
(T4) from twisted
sectors. These constitute three families and one pair of
Higgs quintets. It is interesting to note that the pair of
4Higgs quintets, 5−2(U2) [21], and 52(T4), survives the
GUT scale symmetry breaking. Certainly, it is not al-
lowed to write MGUT5−2(U2)52(T4) since there is no
coupling of the form U2T4. Also, S0U2T4 with some sin-
glet S0 is not allowed since (9) does not include such
a term. Thus, the coupling 5−2(U2)52(T2) must arise
from higher order terms, suppressing the Higgs dou-
blet mass far below the GUT scale. But there exists
the coupling of the type U2T6T6 where U2 = 5−2 and
T6 = 101 among 2(101 + 10−1) in T6. We require that
〈101〉 = 〈10−1〉 ∼MGUT by 〈νc〉. It was shown that this
coupling is crucial in realizing the doublet triplet split-
ting in flipped SU(5) [10, 11, 22]. We have all the types
of fields needed for the doublet-triplet splitting discussed
in [22]. Thus considering cubic couplings, we obtain the
so-called MSSM spectra with one pair of Higgs doublets.
However, the survival hypothesis [23] is applicable here
also if we include all the higher order terms. Indeed,
there exist higher order terms for 5−2(U2)52(T2), which
however can be made sufficiently small [13].
(ii) R-parity: If we consider cubic couplings of
(9), we can define an R-parity in the standard way,
R = −1 for matter fermions and R = +1 for Higgs
bosons. A nontrivial parity can be defined as R =
−1 for 101(U1), 101(U3), 5−3(U1), 5−3(U3), 15(U1),
15(U3) and R = +1 for 5−2(U2). Mixing between
the first two families in the untwisted sector and the
third family in T5 and T
0
2 is always possible if VEVs
of some neutral singlets are supposed. Such neutral sin-
glets should preserve all symmetries relevant at low ener-
gies. Even with the mixing terms between untwisted and
twisted matter fields, the R-parity relevant in low ener-
gies can still be defined by assigningR = 1 for the neutral
singlets developing VEVs, and R = −1 for 101(T6),
5−3(T2), 15(T2). Then, the allowed Yukawa coupling
T6T2T4 determines R = +1 for 52(T4) . Thus, R-parity
can survive down to low energies and hence R-parity con-
servation for proton longevity is fulfilled in the present
model.
(iii) Quark mixing: For mixing of fermions, we choose
the quark mixing, since there is one coupling relevant
only for one quark, T6T2T4, which is interpreted as the
top quark Yukawa coupling, 1015−352. Then, b quark
mass arises in terms of U2 Higgs doublet through T6T6U2.
But τ may be placed in the untwisted sector because
the charged lepton in twisted sector obtain mass at
higher order [13]. If the coupling strength of T6T2T4 and
T6T6U2 are comparable, a large tanβ is needed to obtain
mt/mb ∼ 35. So, two light quark families are placed in
the untwisted sector. These have the cubic couplings of
the form U1U2U3, rendering Qem = −
1
3 quarks mass. For
mb ≫ ms, it is assumed that this U3 coupling strength
is much smaller than that of T6T6U2. At the cubic level,
quark mixing does not appear, but higher order couplings
render quarks to mix [13].
(iv) Fitting sin2 θW : At the full unification scale,
sin2 θW is given by
3
8 [13]. With a simple assumption
that G-exotics are removed at MGE and E-exotics are
removed at MEE , we fit MGE and MEE so that three
gauge couplings fall in the observed values at the elec-
troweak scale by package SOFTSUSY [24] which includes
two loop effects. Certainly, there exist solutions forMGE
andMEE aroundMGUT whereMGUT is defined to be the
converging point of α2 and α3. Above MGUT, at gstΛs
a full unification of couplings is achieved. For example,
a solution set is MGUT =2M16,MEE = 6M16,MGE =
0.1M16,Λs ≃ 52.7M16 and gs = 0.8 where M16 = 1016
GeV [25].
In this letter, an SMSSM spectrum is obtained in a
Z12−I orbifold construction, Eq. (3). The Yukawa cou-
pling structure clarified how SMSSM spectrum is pos-
sible. The sin2 θ0W GUT value
3
8 is phenomenologically
allowed with exotics removed around the GUT scales. So,
these exotics in general present in ‘string flipped’ SU(5)
are not expected to be light.
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